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RECOVERY OF NORMALLY ILLEGIBLE, 
MAGNETICALLY RECORDED INFORMATION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of my copending application 
Ser. No. 659,366, ?led Aug. 9, 1967 now abandoned. 

BACKGROUND OF THE INVENTION 

In a high density digital magnetic recording on a 
magnetic medium such as a magnetic tape, a magnetic 
card, a disc, a drum, or the like, there are generally a 
number of tracks which are relatively narrow and 
which are relatively closely spaced to one another. If 
the magnetic medium becomes damaged after the infor 
mation is recorded as, for example, by dirt particles, by 
abrasion, or by other means, portions of the recorded 
information may be sufficiently obliterated that they 
cannot be read. An example of damage caused in these 
ways has been found to be scratches which extend at an 
angle to the track direction and which may obliterate or 
otherwise make illegible one or more of the recorded 
binary digits (bits) along the track. 
The object of this invention is to provide, in a mag 

netic recording system, a means for recovering a large 
fraction of the otherwise illegible recorded information 
discussed above. 

SUMMARY OF THE INVENTION 

Magnetically stored information may be recorded by 
a relatively wide write head and read by a relatively 
narrow read head which is positioned at the approxi 
mate center of the record track. In accordance with the 
invention, upon the discovery of an error in the infor 
mation being read by the read head as, for example, by 
checking the parity of this invention, relative movement 
though a small distance in a direction transverse to the 
track direction is imparted between the read head and 
track until the read head is positioned close to one edge 
of the track. Then, the track is read again during rela 
tive movement between the head and the record me 
dium in the track direction. If this does not result in the 
recovery of the illegible magnetically recorded infor 
mation, relative movement again is imparted between 
the read head and track until the read head is positioned 
at the other edge portion of the record track and an 
other try made at recovery. It is found, in practice, that 
this technique results in the recovery of more than 90 
percent of otherwise illegible magnetically recorded 
information. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic showing of two recording 
tracks on a portion of a recording medium; 
FIGS. 2 and 3 are schematic showings of the method 

employed in the present invention for recovering nor 
mally illegible recorded information; and 
FIG. 4 is a block circuit diagram of a portion of a 

system which includes the arrangement of the inven 
tion. 

DETAILED DESCRIPTION 

A portion of a magnetic record medium is shown 
schematically in FIG. 1. Magnetic information is re 
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2 
corded on this medium along tracks of width A which 
are spaced from one another a distance C. Information 
may be read from the tracks by creating relative move 
ment between the record medium and the read head in 
the track direction. As is well understood in this art, the 
width B of the area scanned by the read head is nor 
mally substantially smaller than the width A of the 
record track and occurs at the center of the record 
track. In one particular system, the various dimensions 
are A=0.022", B=0.0l2", C=0.003". 
For any one of a number of reasons, it sometimes 

occurs that the record medium becomes damaged after 
the information is recorded thereon. A typical form of 
such damage consists of a scratch, such as shown at 6, 
which extends at an angle to the track direction. Such a 
scratch may obliterate one or more of the bits of re 
corded information and, of course, this results in read 
ing errors. 
The technique according to the present invention for 

recovering the otherwise illegible information such as 
described above is illustrated in FIGS. 2 and 3. First, 
the read head is moved a distance D to one edge of the 
recorded track and then relative movement is created 
between the read head and the record medium in the 
track direction. If the scratch is positioned such as 
shown in FIG. 2, it now extends only a relatively small 
distance into the area scanned by the read head and does 
not seriously affect much of the information recorded 
there. There is therefore a very good probability that 
the stored information now can be read. 

If on the pass of the record medium relative to the 
read shown in FIG. 2 the stored information still cannot 
be read, the read head is moved a distance 2D in the 
opposite direction and the same procedure repeated. 
Now information which would otherwise be obliterated 
by a scratch such as 7 in FIG. 3 readily can be recov 
ered. It has been found in one particular system that the 
technique of FIGS. 2 and 3 makes it possible to recover 
more than 90 percent of the read errors which occur. 
A system in which the technique described above is 

particularly useful is a magnetic card, mass memory 
system such as the RCA 3488 memory system or the 
RCA Spectra 70/568 memory system shown in part in 
FIG. 4. In these systems, information is stored on plastic 
cards approximately 16" by 4i" which are coated with 
magnetic material. These cards are stored in magazines 
(not shown) and any card in any magazine may be ran 
domly selected. One such selection scheme is discussed 
in U.S. Pat. No. 3,266,497 issued Aug. 16, 1966 to L. W. 
Bleiman. A card selected from a magazine passes into a 
track or ‘raceway and is propelled by belts and rollers to 
the read/write station which is shown schematically in 
FIG. 4. Element 10 in FIG. 4 schematically represents 
the portion of the raceway immediately adjacent to the 
capstan 14. The card passes from the raceway portion 
10 to the back surface of the generally triangularly 
shaped piece 12 and onto the capstan 14. 
The capstan is continuously driven in the clockwise 

direction by capstan motor 16. A group of eight read 
heads and eight write heads are within the single struc 
ture 18 located adjacent to the capstan. They are capa 
ble of writing on and reading from eight interlaced 
tracks on the card 20. 
The heads 18 are normally movable to one of sixteen 

different positions by the binary positioner 20. The 
latter may be of the hydraulically actuated type as, for 
example, is employed in the commercially available 
equipment referred to above or of the electromechani 
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ca] type as shown in US Pat. No. 3,266,329 issued Aug. 
16, 1966 to H. M. Sellers et al., or in app]. Ser. No. 
224,420, ?led Sept. 18, 1962 and assigned to the same 
assignee as the present invention. To move to one of 
sixteen different positions, the positioner has four 
stages, each capable of moving the group of heads 
through a different distance, as discussed, for example, 
in the Sellers et al patent. 

According to the present invention, the binary posi 
tioner has two additional stages, one capable of moving 
the heads a distance D equal, in one practical form of 
the invention, to approximately 5 mils (0.005 inches) 
and the other capable of moving the heads a distance 
equal to approximately 2D or 10 mils. The reason for 
these additional stages is to move the heads to the posi 
tions such that the read heads follow the areas of width 
B shown in FIGS. 2 and 3. 

In the operation of the system of FIG. 4, an instruc 
tion stored in the memory (not shown) of a data pro 
cessing machine (not shown) may call for the selection 
of a particular card and for reading information from a 
group of tracks thereon. Upon receipt of such an in 
struction, the control unit 22, at an appropriate time, 
causes the card called for to be selected from a maga 
zine and to be propelled to the capstan l4. Concur 
rently, the control unit applies a position command, 
consisting of a binary word, to the binary positioner 21 
and the latter moves the heads 18 to a position that they 
access the tracks called for by the instruction. 
When the leading edge of the tracks on card 20 

reaches the read heads, they begin reading the informa 
tion on a group of 8 tracks. The parity checker 24 
checks this information for correct parity and applies it 
to the main memory (not shown) of the data processing 
machine (not shown) associated with the mass memory. 

After a card has been read, the instruction may call 
for it to be returned to the magazine from which it was 
extracted. In such case, the gate controller 24 moves the 
gate 26 to a position such that the card moves over the 
near edge of the triangularly shaped piece 12 to the exit 
passageway 27. Alternatively, the instruction may call 
for the card again to be circulated on the capstan and 
the information read from another group of tracks on 
the card. In this case, the gate controller 24 maintains 
the gate 26 in position such that the card passes between 
the generally triangularly shaped piece 12 and the cap 
stan. At the same time, a new position command is fed 
to the binary positioner 21 to move the heads to a new 
position corresponding to that of the new tracks it is 
desired to read. 

In accordance with the present invention, when par 
ity checker 23 indicates an error in the information 
being read from one or more of the eight tracks concur 
rently being read, it applies an error signal to the con 
trol unit. The latter, in response to this signal, applies a 
new position command to the binary positioner to cause 
it to move the heads a distance D in one direction. As 
mentioned above, this distance is one such as shown in 
FIG. 2 which causes the read heads to scan an edge 
portion of all eight tracks one or more of which contain 
an error or errors. At the same time, the gate controller 
24 maintains the gate 26 in a position such that the card 
remains on the capstan for at least a second pass. If 
during this second pass the error or errors previously 
found are corrected, then the next step in the instruction 
such as to return the cards to the magazine may be 
followed, just as in the case already discussed. On the 
other hand, if a parity error is still present, control unit 
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22 applies another position command to the binary posi 
tioner to cause it to move the heads 18 a distance 2D in 
the opposite direction. This causes the read heads to 
follow the path illustrated in FIG. 3. At the same time, 
the controller 24 positions the gate 26 so that the card 
20 remains on the capstan for a third pass. 
Employing the technique described above, there is a 

very high probability that the so called “drop out” 
errors, that is, the bits obliterated by damage to the 
recording medium, will be recovered. However, if after 
this procedure the error is still not recovered, the parity 
checker 23 so indicates to the control unit 22 and the 
latter actuates an alarm circuit (not shown) to indicate 
that there is a non-recoverable, drop out error. 
While for purpose of ease of illustration, the system of 

FIG. 4 is shown to employ the gate structure 26, it may 
instead employ the new and improved card guiding 
structure described in US. Pat. No. 3,329,424 issued 
July 4, 1967 to J. W. Rabek. This patent also shows 
some of the details of the means for keeping the card on 
the capstan during the rotation thereof. It is also to be 
understood while the data recovery technique of the 
present invention is discussed in terms of a magnetic 
card system, it is applicable to magnetic tape and to 
other types of magnetic memory systems. 

In the particular system described when an error is 
detected, the transverse movement between the tracks 
and read heads is accomplished by moving the heads 
until they are positioned close to one edge of the track. 
In other systems, it may be more practical to maintain 
the head or heads stationary and to move the record 
medium transversely thereto instead. The claims are 
intended to be generic to both forms of relative move 
ment. 
What is claimed is: 
[1. In a system for reading a relatively wide record 

track on a record medium with a relatively narrow read 
head located at the approximate center of the track by 
creating relative movement between the record me 
dium and head, in the track direction, in combination: 

error detection means responsive to the information 
read by the read head for detecting an error; and 

means responsive to an error detected by the error 
detection means for creating relative movement 
between the read head and track in a direction 
transverse to the track, and in an amount such that 
the head is still over the same track, but relatively 
closer to an edge portion thereof than the head was 
in its original position, and for again creating rela 
tive movement between at least the portion of the 
record medium containing the error and the head, 
in the track direction] 

[2. In a system as set forth in claim 1, further includ 
ing means responsive to an error still present for creat 
ing relative movement between the read head and track 
in a direction transverse to the track and in an amount 
and direction such that the head is still over the same 
track, but relatively closer to the other edge portion 
thereof than the head was in its original position, and for 
a third time creating relative movement between at least 
the portion of the record medium containing the error 
and the head, in the track direction] 

3. In a system as set forth in claim [2] 8, said record 
medium comprising a plastic card formed with a mag 
netic recording surface. 

[4. Apparatus for reading infonnation from a record 
track of a kind susceptible to information damage ex 
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tending part way across the track comprising, in combi 
nation: 
a reading head located adjacent to and between the 

edges of said track for reading along an area of the 
track of width relatively narrower than the track 
width; 

means for creating relative movement in the track 
direction between the track and head to permit said 
head to read said relatively narrow area of said 
track; and 

means responsive to detection of an error due to said 
damage in the information read from said relatively 
narrow area by said head for causing at least the 
error containing section of the length of the track 
to be re-read along a second relatively narrow area 
still over the same track but laterally shifted in the 
track relative to the ?rst read area] 

[5. In a system for reading by means of a head along 
the length of a track on a record medium by creating 
relative movement between the medium and the head, 
at least a portion of said head being positioned in signal 
reading relationship over at least a portion of the width 
of said track; 

an error detection means responsive to a signal read 
from said track by said head for detecting an error; 
and 

means responsive to said detected error for creating 
lateral relative movement between said head and 
said track such that said head is in a signal reading 
relationship over a different portion of the wdith of 
said track as compared to the original position of 
said head, and for causing said head to again read 
said track where said signal was originally read but 
with said head over said different portion of the 
width of said traclc] 

[6. In a system as set forth in claim 5, further includ 
ing means responsive to an error detected by the error 
detection means for again creating lateral relative 
movement between said head and track in a direction 
opposite the direction of the ?rst mentioned lateral 
move such that said head is over a different portion of 
the width of said track than was the head in its original 
position and its position after the first mentioned lateral 
move, and for causing said head to again read said track 
where said signal was originally read but with said head 
in a new lateral position relative to said track resulting 
from the second mentioned lateral move] 

7. In a system as set forth in claim [6] 9, said record 
medium comprising a substantially flat member formed 
with a magnetic recording surface. 

8. In a system for reading a relatively wide record track 
on a record medium with a relatively narrow read head 
located at the approximate center of the track by creating 
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relative movement between the record medium and head, 
in the track direction. in combination: 

error detection means responsive to the information read 
by the read head for detecting an error; 

means responsive to an error detected by the error detec 
tion means for creating relative movement between the 
read head and track in a direction transverse to the 
track. and in an amount such that the head is still 
over the same track, but relatively closer to an edge ' 
portion thereof than the head was in its original posi 
tion. and for again creating relative movement be 
tween at least the portion of the record medium con 
taining the error and the head. in the track direction; 
and 

means responsive to on error still present for creating 
relative movement between the read head and track in 
a direction transverse to the track and in an amount 
and direction such that the head is still over the same 
track, but relatively closer to the other edge portion 
thereof than the head was in its original position, and 
fbr a third time creating relative movement between at 
least the portion of the record medium containing the 
error and the head, in the truck direction. 

9. In a system for reading by means of a head along the 
length of a track on a record medium by creating relative 
movement between the medium and the head, at least a 
portion of said head being positioned in signal reading 
relationship over at least a portion of the width of said 
track; 
an error detection means responsive to a signal read from 

said track by said head for detecting an error; 
means responsive to said detected error for creating 

lateral relative movement between said head and said 
track such that said head is in a signal reading rela 
tionshtp over a di?'erent portion of the width of said 
track as compared to the original position of said 
head, and for causing said head to again read said 
track where said signal was originally read but with 
said head over said di?’erent portion of the width of 
said track; and 

further including means responsive to an error detected 
by the error detection means for again creating lateral 
relative movement between said head and track in a 
direction opposite the direction of the first mentioned 
lateral move such that said head is over a different 
portion of the width of said track than was the head in 
its original position and its position after the ?rst 
mentioned lateral move, and for causing said head to 
again read said track where said signal was originally 
read but with said head in a new lateral position rela 
tive to said track resulting from the second mentioned 
lateral move. 
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